Rice blast disease caused by Magnaporthe grisea (Hebert) Barr [teleomorph] is one of the most devastating diseases in rice plantation areas. Silicon is considered as a useful element for a large variety of plants. Rice variety MR219 was grown in the glasshouse to investigate the function of silicon in conferring resistance against blast. Silica gel was applied to soil while sodium silicate was used as foliar spray at the rates of 0, 60, 120, 180 g/5 kg soil and 0, 1, 2, 3 ml/l respectively. The treatments were arranged in a completely randomized design. Disease severity and silicon content of leaves were compared between the non-amended controls and rice plants receiving the different rates and sources of silicon. Silicon at all rates of application significantly (α = 0.05) reduced the severity of disease with highest reduction (75%) recorded in treatments receiving 120 g of silica gel. SEM/EDX observations demonstrated a significant difference in weight concentration of silicon in silica cells on the leaf epidermis between silicon treated (25.79%) and non treated plants (7.87%) indicating that Si-fertilization resulted in higher deposition of Si in silica cells in comparison with non-treated plants. Application of silicon also led to a significant increase in Si contents of leaves. Contrast procedures indicated higher efficiency of silica gel in comparison to sodium silicate in almost all parameters assessed. The results suggest that mitigated levels of disease were associated with silicification and fortification of leaf epidermal cells through silicon fertilization.
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Keywords : blast, Magnaporthe grisea, rice, silicon Rice (Oryza sativa L.) is among the most important crops all over the world since it is consumed as a staple as well as primary source of energy and protein (Zhang et al., 2008) . In Malaysia rice is one of the major crops grown by the private and public sectors. Rice blast, caused by the fungus Magnaporthe oryzae (Couch and Kohn, 2002) (anamorph, Pyricularia oryzae Cavara), is among the most significant diseases affecting rice cultivation, since it is prevalent in most rice growing regions and causes serious yield losses (Hayasaka et al., 2008) . The disease is widely distributed (85 countries) (Hajano et al., 2011) and under favorable environmental conditions it can be very disastrous (Scardaci et al., 1997) . Yield and harvest losses estimated from other areas of the world have ranged from 10−30% (Tongen et al., 2006) . Applying fungicide to control the disease is neither economical nor environmentally friendly. Furthermore, rice blast spreads very fast and the use of resistant varieties is considered as a short term remedy. Silicon is the second element which is found in abundance in the earth's crust (Datnoff et al., 1997; Epstein, 1994; Marschner, 1995) and is a main component of plant tissues as well as cell walls, despite the fact that it is not considered as an essential nutrient for terrestrial plants (Epstein, 1994) . This element can be absorbed from soil in significant amount and it is taken up by plants in the form of monosilicic acid (Mitani et al., 2005) . Supply of soluble silicon in plants provides stronger, tougher cell walls which serve as a mechanical barrier against sucking and piercing insects. Also silicon can be deposited by the plants at the infection site thus inhibiting the penetration of cell walls by the attacking fungus. Rice is known as a Si-accumulator (Mitani et al., 2005) and accumulation of Si in leaves and tissues in addition to conferring resistance against fungal diseases and insect pests, can improve erectness of leaves, increase yield and alleviate water stress, salinity stress and nutrient deficiency or toxicity stresses as well. Silicon is also considered as an environmentally-friendly element in relation to soils, fertilizers and plant nutrition (Ma and Takahashi, 2002) . Based on the aforementioned it is concluded that silicon deficiency can be considered as a limiting factor for crop production. There have been plenty of reports on profitable effects of silicon in rice plantations (Ando et al., 2002;  *Corresponding author.
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Yoshida et al., 1962) especially under biotic and abiotic stresses. Si application is considered as a suppression factor for fungal diseases such as rice blast, brown spot, leaf scald, sheath blight and stem rot (Datnoff et al., 1991 (Datnoff et al., , 1992 (Datnoff et al., , 1997 Savant et al., 1996; Seebold, 1998; Winslow, 1992) . Datnoff et al. (1991 Datnoff et al. ( , 1992 reported decrease in blast severity ranging from 17% to 30% in rice planting regions on Colombian Histosols. According to their findings disease severity tended to be reduced with increasing Si concentration in tissues.
The objective of this study was to determine the role of foliar applied sodium silicate and root applied silica gel as silicon sources in controlling rice blast.
Materials and Methods
Plant materials and cultivation. Rice seeds of MR219 variety were used as source of plant material in this experiment. The soil used was an Ultisol collected from a paddy field located in Field 10, at the University Agriculture Park in UPM (Universiti Putra Malaysia) with the following characteristics: pH 4.84; P = 26.00 mg/g; K = 443.00 mg/g; Ca, Mg, Na, Fe = 1335.00, 339.40, 4.07, 170.00 mg/g respectively. Seeds were soaked in water at around 25− 30 o C for three days to hasten germination. Germinated seeds were planted into plastic seedling boxes (22.7 × 18.6 × 6.9 cm). Six g of N-P-K (15-15-15) fertilizer (CCM Fertilizers Sdn Bhd, Malaysia) was mixed with 300 g of soil. The emerged seedlings at the second-leaf stage, were transferred into pots (29 cm dia, 29.5 cm deep) containing five kg of the paddy soil and placed in the glasshouse. The pots containing the rice plants were flooded with water and plants were inoculated at the fourth-leaf growth stage.
Silicon application. Granular silica gel (Classic Chemicals Sdn Bhd, Malaysia) as well as liquid sodium silicate (Kooksong Co., Korea) were used as silicon sources in this study. Method of application and concentrations of supplemental silicon treatments were as follow:
Granular silica gel with a minimum SiO 2 content of 95% and particle size ranging from 3−6 mm was applied to the soil prior to planting at the rate of 60, 120 and 180 g per 5 kg soil. Liquid sodium silicate with SiO 2 content of 12% (w/v) was applied as foliar spray at the rate of 1, 2 and 3 ml/l. Tween 20 (0.02%, v/v) was added as a surfactant (Hayasaka et al., 2008) .
Plant inoculation and disease severity assessment. A highly virulent strain of Magnaporthe griseae was used for inoculation. The fungus was obtained from Malaysian Agricultural Research and Development Institute (MARDI) and was cultured on PDA culture medium at 26−28 o C for two weeks until the whole surface of the plate was covered with mycelium. Mycelia mats were gently scraped by spatula and plates were placed under wet cheese cloth for 2 days with continued light to induce sporulation and finally produce spores. These spores were used as inoculum source. Rice plants in their fourth leaf growth stage were sprayed with spore suspension containing 3 × 10 5 conidia ml −1
(15 ml/pot). Non inoculated plants were sprayed with distilled water containing same amount of Tween20 (0.02 %). After spraying, both inoculated and non inoculated plants were kept in a moist chamber with 98−100% relative humidity for 24 hours. Seven days after inoculation, leaf blast severity was evaluated based on visual assessment of lesions caused by Magnaporthe oryzae on a nine grade scale according to IRRI standards (2002) . Disease severity for each replication was calculated according to the equation below (Cai et al., 2008) :
− r indicates rating value (0−9) − n r indicates the number of infected leaves with a rating of r − N r indicates the total number of leaves tested for each replication.
Experimental design. The experiment was laid out in a completely randomized design with three replications. Each replication corresponds to eight rice plants per experimental unit. The experiment was conducted to evaluate effect of silica gel and sodium silicate on blast severity with seven treatments: (1) inoculation with M. oryzae and no silicon application, as control; (2) inoculation with M. oryzae and addition of 60 g silica gel; (3) inoculation with M. oryzae and addition of 120 g silica gel; (4) inoculation with M. oryzae and addition of 180 g silica gel; (5) inoculation with M. oryzae and addition of 1 ml sodium silicate; (6) inoculation with M. oryzae and addition of 2 ml sodium silicate; (7) inoculation with M. oryzae and addition of 3 ml sodium silicate.
Microscopy observation. Scanning Electron Microscope (JEOL, JSM-6400, JAPAN) at an accelerating voltage of 15 keV and magnification of × 1000 was used for morphological observation of silica cells in leaf epidermis. The percentage of silica deposition was analyzed with an energydispersive X-ray spectrometer (EDS) combined with the microscope at magnification of x1000. Prior to the X-ray analysis of Si, the topmost completely developed rice leaves were dehydrated in desiccators. Thereafter leaf segments (1 × 1 cm) were mounted on aluminum stubs previously covered with double-sided adhesive carbon tape and coated with gold in a sputter coater (Baltec SC 030). Finally stubs
